ABSTRACT: Twelve Angus (237 ± 13 kg) and twelve Holstein (235 ± 15 kg) steers were used to determine whether corn silage-based diets with different NDF levels influence DMI to a similar extent in Angus and Holstein steers and as body weight of the steers increase. Steers were randomly assigned to individual slatted-floor pens and used in a crossover design consisting of six 14-d periods. Experimental diets contained corn silage from a normal hybrid (low-fiber; LF) and its male-sterile counterpart (high-fiber; HF) and were alternated each period. The LF and HF diets contained 33.8 and 50.8% NDF, respectively. The HF diet decreased (P < 0.01) overall steer mean DMI 14.0% relative to LF, with mean differences increasing as steers increased in BW (P < 0.01). Feeding the HF diet also reduced ADG by an average of 13.8% relative to the LF diet (P < 0.01). Holstein steers consumed 14.4% more DM and gained 14.3% faster (P < 0.01) than Angus steers. There was a fiber level × breed-type interaction (P = 0.08) for efficiency of gain. Angus steers receiving the HF diet had greater efficiency of gain than Angus steers consuming the LF diet; however, Holstein steers
Introduction
Many cattle receive a growing diet before being placed on a high-concentrate finishing diet. Growing 841 consuming the LF diet had greater efficiency of gain than those receiving the HF diet. The HF treatment reduced total-tract digestibility of DM and GE by 4.6 and 4.5%, respectively (P < 0.01), and decreased DE intake by 20.5% (P < 0.01) but increased apparent totaltract digestibility of NDF and ADF (9.4 and 8.4%, respectively; P < 0.01). Holstein steers had similar digestibility of DM and GE (P > 0.10) but had greater DE intake (P < 0.01) compared to Angus steers. There were fiber level × breed-type interactions for total-tract digestibility of NDF and ADF (P ≤ 0.06). The difference in DM digestibility was negatively associated with the difference in DMI (r 2 = 0.23; P < 0.01) for LF minus HF within Angus steers, but not within Holstein steers (P = 0.42). Total-tract digestibility of NDF and ADF was 4.1 and 3.4% lower for the HF diet but was only 1.1 and 0.6% lower for the LF diet when fed to Holstein compared to Angus steers. Results from this trial demonstrate that high-NDF corn silage-based diets reduced intake of both Angus and Holstein steers, and this reduction in DMI continued as steers increased in BW from 235 to 330 kg. Breed differences were also noted for digestible energy intake as influenced by fiber level. diets often contain high levels of corn silage in upper Midwest beef cattle feeding systems (Ritchie et al., 1992) . The concentration of NDF in corn silage can vary greatly (46.0 ± 6.5% NDF, × ± SD; NRC, 1996) . In a previous study, corn silage high in NDF fed to lightweight steers (198 ± 13 kg) depressed DMI (Tjardes et al., 2002) . A review of several studies (Dado, 1993) indicated that depression in intake resulting from physical fill in the form of inert bulk was greatest for animals with relatively lighter body weight within a species and for animals in physiological states with higher nutrient requirements. It is uncertain whether the filling effect of a high-fiber corn silage-based diet continues to limit DMI as steers increase in BW.
In addition to dietary effects, DMI may be influenced by steer breed-type. Studies comparing beef breeds to Holsteins suggest that Holsteins consume an average of 8% more DM/kg BW 0.75 (NRC, 1987) . Due to differences in DMI, we hypothesized that physical fill in the rumen may depress DMI to a lesser extent for Holsteins than for steers of beef breeding. Therefore, our objectives were to determine whether a high-NDF corn silage-based diet would depress DMI as steers increased in body weight and to determine whether the depression in DMI was different for Holstein and Angus steers.
Materials and Methods
The normal corn hybrid (5456, UAP Dyna-Gro, East Lansing, MI) and its male-sterile counterpart were grown and harvested for corn silage as previously described by Tjardes et al. (2002) . Animal handling and experimental procedures in this trial were conducted according to those approved by the Michigan State University All University Committee on Animal Use and Care (AUF No. 07/99-089-00).
Twelve Angus (237 ± 13 kg) and twelve Holstein (235 ± 15 kg) steers were randomly assigned to individual 2.1-× 1.8-m slotted-floor metabolism pens. The room was temperature-and light-controlled, being maintained at approximately 10°C with 13 h of light and 11 h of darkness. Steers had ad libitum access to water and a common corn silage-based diet for a 10-d acclimation period. Corn silage was the primary dietary ingredient, with soybean meal and supplement added to meet or exceed requirements for metabolizable protein, minerals, and vitamins (NRC, 1996) . After acclimation, diets were formulated using either the normal (low-fiber diet; LF) or male-sterile (high-fiber diet; HF) corn hybrids; the LF and HF diets contained 33.8% and 50.8% dietary NDF, respectively. The corn hybrids and diets were the same as those previously reported (Tjardes et al., 2002) . The diets were mixed once daily and offered at 0730 and 1930 to allow steers ad libitum access (≥10% orts) to the total mixed ration. Amounts fed and refused were weighed daily for each steer. Representative samples of the complete mixed diets, major ingredients, and orts were taken twice weekly. Samples were dried immediately at 57°C in a forced-air oven for 72 h to determine DM. A crossover design, consisting of six 14-d periods (five crossovers), was used to determine the effect of dietary NDF concentration on diet digestion and steer performance as steers increased in BW. Dietary treatments were switched on d 14 of each period.
Steer weights were the average of full weights taken on two consecutive days at d 0, 1, 13, and 14 of each period throughout the trial. Steers were implanted with 200 mg of progesterone and 20 mg of estradiol benzoate (IMPLUS-S, Upjohn Co., Kalamazoo, MI) before acclimation. Fecal grab samples were collected at 1900 on d 12, 0700 and 1900 on d 13, and 0700 on d 14 and were immediately frozen at −20°C. Fecal samples were later dried at 57°C in a forced-air oven for 72 h to determine DM.
Sample Analysis. Diets, major ingredients, and fecal samples were ground through a Wiley mill (Arthur H.
Thomas, Philadelphia, PA) equipped with a 1-mm screen. Samples of diets and major ingredients were then composited for each period, and fecal samples were composited by animal for each period. Diet, major ingredient, and fecal samples were then analyzed for percentages of NDF, ADF, ADL, ash, free glucose, and starch as described by Tjardes et al. (2002) . Fecal output and apparent total-tract digestibility of dietary nutrients were calculated using indigestible NDF as an internal marker (Cochran et al., 1986) . Indigestible NDF residues in feed and feces were quantified as NDF content of samples following in vitro fermentation in buffered rumen media (Goering and Van Soest, 1970) for 120 h without addition of pepsin. Gross energy was determined for both feed and fecal samples by bomb calorimetry (AOAC, 1990; Model 1241 Adiabatic Calorimeter, Parr Instruments, Moline, IL). Digestible energy was determined as the difference between intake of GE and output of fecal energy. Concentrations of ME, NE m , and NE g in the diets were calculated from DE using published equations (NRC, 1996) . Because the malesterile corn silage contained a larger percentage of VFA, ethanol, and lactic acid, the concentrations of all nutrients were expressed as percentage of DM determined from drying at 57°C.
Statistical Analysis. Intake, performance, and digestibility data were analyzed based on a mixed-effect model using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC.). The model contained animal nested within breed-type as a random effect and period, fiber level, breed-type, and fiber level × breed-type as fixed effects. Using the Schwarz Bayesian criterion (Littell et al., 1998) , a first-order compound symmetry error structure was determined as the most appropriate residual covariance structure for repeated measures over period within animals. Main effects were considered significant at P < 0.05, and two-way interactions were considered significant at P < 0.10.
Regression analyses were used to test the influence of the high-NDF corn silage-based diet on DMI and digestibility for Angus and Holstein as the steers increased in BW. To perform these analyses, differences in DMI, DMI as a percentage of BW, DMI as a percentage of BW 0.75 , DE intake, and apparent total-tract DM digestibility between the two treatments were calculated by subtracting the high-fiber diet from the lowfiber diet (LF − HF) data for each steer within each of the five crossovers. Relationships between the factors were then determined using the simple linear regression procedure of SAS (PROC REG). Slopes of regression lines were tested using dummy variables to set the Holstein slope equal to zero and determine whether the Angus slope was different from zero. Slopes of the regressions were considered significantly different at P < 0.10.
Results and Discussion
The HF diet decreased (P < 0.01) steer DMI 14.6% when summarized over the entire trial (Table 1 ). This Table 1 . Dry matter intake, average daily gain, apparent total tract digestibility, and energy concentration of lowfiber (LF) and high-fiber (HF) corn silage-based diets fed to growing Angus and Holstein steers reduction in DMI agrees with Tjardes et al. (2002) , who reported a 14.0% reduction in DMI when a similar diet was fed to cannulated steers. There was a fiber × period level interaction for DMI (P < 0.01; Figure 1a ) and DMI as a percentage of BW (P < 0.01; Figure 1b ). In addition, there was a positive relationship between average steer BW for each crossover and the difference in steer DMI for LF minus HF (r 2 = 0.24; P < 0.01; Figure 2 ). There was also a positive relationship (P < 0.01) between average steer BW for each crossover and difference in DMI whether DMI was expressed as a percentage of BW (y = −0.319 ؒ 0.0024x; r 2 = 0.13) or expressed as a percentage of BW 0.75 (y = −1.678 ؒ 0.011x; r 2 = 0.18). These data suggest that, as steers increased in body weight, the HF diet became more limiting to DMI than the LF diet. In addition to the reduction in DMI, feeding the HF diet also reduced (P < 0.01) ADG by an average of 13.8% (Table 1) . Stake et al. (1973) reported that steers consumed similar intakes of male-sterile or normal corn silage when they were receiving 1.81 kg/d of a protein/ grain supplement and there was no difference in the crude fiber concentration between the normal and malesterile hybrids. The researchers also reported no difference in steer ADG due to treatment (Stake et al., 1973) .
Holstein steers consumed 14.4% more DM and gained 14.3% faster than Angus steers (P < 0.01; Table 1 ). Previous research has indicated that Holstein and Holstein crossbred steers have 4.2 to 17.0% greater DMI than British steers (Garrett, 1971; Thonney et al., 1981; Fox and Black, 1984) . The influence of breed-type on ADG in previous studies has been variable. Garrett (1971) reported no difference in ADG between Holstein and Hereford steers when they were fed either 70% sorghum or 44% barley diets. Dean et al. (1976) found a reduction in ADG of 0.10 to 0.18 kg/d for Holstein crossbred steers compared to British steers when they received a 65% sorghum diet. In contrast, Thonney et al. (1981) reported that Holstein steers gained 0.20 kg/ d faster that small-framed Angus calves when they were fed either corn-or silage-based diets.
There was no breed-type × fiber level × period interaction (P = 0.88) for DMI, and the slopes of the relationship between average steer body weight for each crossover and the difference in steer DMI for LF minus HF were not different (P = 0.18) for the two breeds. This suggests that the diet high in NDF had the same influence over DMI for both breed-types.
The HF treatment reduced (P < 0.01) total-tract digestibility of DM and GE by 4.6 and 4.5%, respectively, but increased (P < 0.01) apparent total-tract digestibility of NDF and ADF (9.4 and 8.4%, respectively) compared to LF. Because steers receiving the HF diet consumed less DM and had lower digestibility of GE, DE intake was reduced by 20.5% (P < 0.01). Similarly, Tjardes et al. (2002) reported that feeding HF compared to LF increased digestibilities of NDF and ADF (11.0 and 9.3%, respectively) but decreased digestibilities of DM and GE (4.5 and 4.7%, respectively) and reduced digestible energy intake by 23.4%.
Holstein steers had similar (P > 0.10) digestibilities of DM and GE but had greater (P < 0.01) DE intake compared to Angus steers. There were fiber level × breed-type interactions (P ≤ 0.06) for total-tract digestibilities of NDF and ADF. Within the HF diet, totaltract digestibilities of NDF and ADF were 1.1 and 0.6% lower, respectively, for Holstein compared to Angus steers. When steers received the LF treatment, totaltract digestibilities of NDF and ADF were 4.1 and 3.4% lower, respectively, for Holstein compared to Angus steers. The decline in fiber digestibility for Holstein steers receiving the LF diet could be due to a greater amount of starch fermented and lower pH in the rumen (Grant and Mertens, 1992) and(or) an increased passage rate resulting in more potentially digestible fiber escaping ruminal degradation (Oba and Allen, 2000) .
There was a negative relationship (P < 0.01) between difference in apparent total-tract DM digestibility and difference in DMI (LF − HF) for Angus steers (r 2 = 0.23; Figure 3a ). There was also a negative relationship (P < 0.01) when DMI was expressed as a percentage of BW 0.75 (y = 13.82 ؒ −7.30x; r 2 = 0.25). These data suggest that, when there was a lesser difference in DMI due to fiber level, the LF diet had a higher total-tract DM digestibility. However, when steers consumed greater levels of the LF compared to the HF diet, the totaltract DM digestibility of the LF diet was reduced. The reduction in DM digestibility may have been because of an increase in passage rate for the LF diet in association with the higher DMI. Similar responses were reported by Allen (1999, 2000) when they compared diets fed to early-lactation dairy cows containing corn hybrids with different digestibilities of NDF. No relationship was observed between difference in apparent total-tract DM digestibility and difference in DMI for Holstein steers (P = 0.42; Figure 3b ) or when DMI was expressed as a percentage of BW 0.75 (P = 0.45). Reasons for the different relationship for Holstein steers and Angus steers might be because of differences between the breeds in ruminal retention time of digesta for the two diets. This could be primarily due to the breeds having differences in body type, specifically the volume of the digestive tract in relationship to BW.
There was no relationship (P = 0.57) between difference in DE intake and difference in DMI for Angus steers (Figure 4a ). This was due to the negative relationship between difference in DM digestibility and difference in DMI. In contrast, there was a positive relationship between difference in DE intake and difference in DMI for Holstein steers (r 2 = 0.23; P < 0.01; Figure  4b ). The relationships between differences in DE intake and DMI were consistent with the difference in ADG for each breed-type. Within the Angus steers, there was no relationship between differences in DE intake and DMI, which corresponded to only a 0.1 kg/d difference in ADG between the LF and HF diets. However, for the Holstein steers, there was a positive relationship between differences in DE intake and DMI, and the Holstein steers receiving the LF diet gained 0.2 kg/d faster than those receiving the HF diet.
There was a fiber level × breed-type interaction for efficiency of gain (P = 0.08; Table 1 ). Angus steers receiving the HF diet had greater efficiency of gain than Angus steers consuming the LF diet. The reduction in efficiency of gain for the Angus steers receiving the LF diet is consistent with the negative relationship between difference in DM digestibility and difference in DMI. In contrast, the Holstein steers consuming the LF diet had greater efficiency of gain than those receiving the HF diet. Previous research has reported that Holstein and Holstein crossbred steers range from having greater efficiency of gain (Thonney et al., 1981) to having lower efficiency of gain (Dean et al., 1976; Wyatt et al., 1977) compared to British steers.
Implications
Corn silage high in fiber may limit the dry matter intake of light-weight Angus and Holstein steers. As both breed-types increase in body weight high-fiber corn silage has an increasing negative affect on dry matter intake. This may reduce feed efficiency and body weight gain of steers as they grow. As the difference in intake increases between low-fiber and high-fiber diets, digestibility declines and digestible energy intake is not increased for Angus, but for Holstein there is no difference in digestibility and digestible energy intake improves. Although low-fiber corn silage should benefit performance of both breed-types as they increase in body weight, benefits should be greater for Holstein cattle.
